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1. OBJECTIVES

This grant F49620-98-1-0387 is a natural continuation of our previous grant F49620-95-
1-0131 which ended on 12/31/97. Our motivation for the work reported here is the need
for effective design, analysis, and optimization techniques for large, complex, stochastic
Discrete Event Dynamic Systems (DEDS). DEDS are typified by communication
networks, manufacturing, computer, CA41, traffic and other systems governed by human-
made rules and clearly important in all aspects of modern technology. In addition, we
have initiated a study of hybrid systems (i.e., systems combining time-driven with event-
driven dynamics) with the goal of developing a comprehensive new theory for the
optimal control of such systems with direct applications to manufacturing processes.

The three major research thrusts of this effort are:
» New ways to simulate DEDS in concurrent or parallel fashion that will speed up our
ability to design and analyze their performance and that are naturally matched to

emerging parallel computing capabilities and software paradigms such as object-oriented
programming.

 New approaches to optimization specifically aimed at the problem of large search
spaces that lack analytical structure.

 An emerging theory for the optimal control of DEDS, as well as Hybrid Systems (HS).
Concrete research objectives we have pursued are:

1. Investigate basic issues related to these three thrusts in terms of feasibility and
intrinsic limitations.

2. Develop new methods for solving complex discrete resource allocation problems and
explore extensions to more general discrete stochastic optimization settings.

3. Develop explicit algorithms that combine concurrent/parallel sample path
construction techniques with Ordinal Optimization (OO) ideas and study their
properties. ,

4. Explore a novel framework for modeling HS and develop an optimal control theory
within this framework. :

5. Apply the techniques we developed to some DEDS and HS problems of practical
interest.

N

. ACCOMPLISHMENTS/NEW FINDINGS

. In the area of Optimization and Learning our accomplishments are summarized
below:

[y

s We have completely solved the well-known Witsenhausen problem (the
determination of the optimal f{x), a one-dimensional function) and our results
have been accepted for publication. Completion of this work also initiated our
investigation of "Granular Optimization" - an approach to search and learning
in unstructured space of admissible strategies. This approach so far enables us




. to systematically search and leamn in the space of one-variable functions. This
result was reported in the 2000 IEEE Conf. On Decision and Control (CDC).

=  Qur research on Bayesian Learning methodologies in computational
intelligence has led us to study the feature selection problem in automatic
target recognition. This is a combinatorial optimization problem Preliminary
results of working with real M-Star data have been encouraging.

= We have gained further insight into the No-Free-Lunch theorem and its
implications. This further reinforces the importance of learning.

s Since computational resources for optimization and learning are always
limited in practice, we have initiated the study of the auxiliary problem of
optimizing the allocation of computing resources in search and learning. This
approach is just beginning and reported more fully in our renewal proposal to
this contract.

* Relationship to original goals: This work is within the scope of Objectives 1,3, and
5 (see section 1).

* Relevance to AF mission and potential applications: The work directly and
indirectly will be helpful in a variety of AF guidance and control mission work,
where search and adaptation are necessary.

In the area of discrete stochastic optimization problems, we were able to show that it
is possible to transform a discrete stochastic optimization problem into a companion
continuous optimization problem, which is generally easier to solve and the solution
of which is readily transformed into the solution of the original problem. We were
also able to extend this approach beyond the original resource allocation setting we
were studying and tackled the well-known “lot sizing” problem in manufacturing for
solution using this “surrogate problem” methodology. We have been able to
demonstrate the effectiveness of this approach for inulticlass single-stage
manufacturing systems and have published our findings.

* Relationship to original goals: This work is being pursued in the context of
Objectives 2,3 (see section 1).

* Relevance to AF mission and potential applications: Discrete stochastic
optimization problems are common in practice, as mentioned above. A major
obstacle in dealing with these problems is the computational complexity which
slows down the process of decision making. This approach holds great promise for
significantly faster decisions making capabilities, at least for certain types of
problems.

. While researching discrete stochastic optimization problems, we encountered a well-
known scheduling problem in air traffic control referred to as “ground holding
control”. The problem is to schedule aircraft so as to minimize airborne delays due to
congested destination airports and weather-related difficulties. We found out that
applying principles from sample path analysis of DEDS leads to optimization
schemes much more efficient than other approaches in the literature and guaranteeing
global optimality. This work has resulted in a journal publication scheduled to appear



4.

<ip to original goals: This work falls under Objectives 3,5 (see section 1).

» AF mission and potential applications: Air traffic control is of obvious
( ne Air Force. In addition, the methodology we used holds promise for
-ems thus far tackled only through linear or dynamic programming
wchiiyues that are generally always suited to real-time decision making.

We have established a novel modeling framework for Hybrid Systems (¥S), i.e.,
systems combining time-driven with event-driven dynamics. Based on this
framework, we have been able to solve a class of optimal control problems motivated
by concrete single-stage manufacturing problems. We were able to show that a
decomposition of the optimal state trajectory in such problems allows us to reduce the
complexity of solution algorithms from exponential to linear. Explicit numerical
results can be seen through interactive java applets found in
http:/vita.bu.edu/cgc/Hybrid. We have also made progress in studying problems for
multi-stage hybrid systems based on an approximation method reported in some of
our published work. Explicit numerical results can also be obtained through an
interactive java applet at htip://vita.bu.edu/cgc/newhybrid/.

* Relationship to original goals: This work is being pursued in the context of
Objectives 4,5 (see section 1).

* Relevance to AF mission and potential applications: New technological systems
increasingly exhibit hybrid dynamic characteristics as computers are continuously
integrated with traditional time-driven processes. The IBR problem of great interest
to the AF and part of an ongoing manufacturing process at the Wright-Patterson Air
Force Base is an example of such a system.
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